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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a ^ 
hydrogen sensor which has a low cost and % V 



proton and an oxide ion. The first and 
second electrodes 12 and 13 are made of 

a material having a catalytic action for the oxidation reaction of the 
hydrogen and made of a material of the same type. 



good selectivity of hydrogen or good 
responsiveness of detecting the hydrogen 
and can measure the hydrogen of a high 
concentration range. 
SOLUTION: The hydrogen sensor 
comprises a solid electrolyte 11, and a 
first electrode 1 2 and a second electrode o* 
1 3 formed on the surface of the 
electrolyte 1 1 . The electrolyte 1 1 is made 
of an ion conductor for conducting a 
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(b) fc x ^Oft^O«W*S-r. 1 ltt. 0ftll$fC 

■e*»>, ynh> (h*) £wnmj*y (o 2 ' ) *e 
ti3 1 k%2?>nm3 iftZftzmflLtti. ^ot 
zt&&$mvmm** e tatf-i?**. 20 

[0 0 4 5] 3 0 tt, l^«>*fi«jSO 

•fel'tf-Tfc'K £ 10*413 1 fcS2<0«*3 20BB 

1 ~ 2 0*** y 1 m&w v t> l t -t u 7 

[0046] 35 1 ©*«3 1 it, mmj*y(t 
^5-*/», a atf-y^^54*»fr6atfnft 30 

fflk Pd-fAu^tyjg^H-V^SfiEffltSctfeT? 

f«. *fe, ®2cDSffi3 2t±, TkHOIftfkSiStWL 

^s^fflT-t^o sfe, £i<o*«3 1 fcii2<7)« 

[0 0 4 7] «BSt©»»0**-b>*-3 0K*^ 

t, 3no*«3 1^ mvjtyitmttzm 

3 214, **0»ftSJ6K»LTtt«ffffl*^fr«ft 
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4^. COfA Sl0*«3 1 £%2<0*m32£<D 

3 0W COJISfcAIJilLT, 07 (b) fcw*J;3 
1 1 <Dm 3 1 i: 31 2 (DM® 3 2 <D!»(Qgttft*i&! 

[0 0 4 8] WR 3>*lOJe»fcJ:«7(*fey^3 

Z r« C e<n I no Oj- a»f: BaZr« C e 

32 Gdo. 2 o 3 - a&&#mwco mmmi i<d± 

£2Si, lOinm^ 5mm£Ltc 0 ttc, H 

U ^2©«32ti s S^-Xh^fi)tLTffMb 
[0 0 4 9] tit. m\%.fi*£ LT. 1 U 7 h/lz/m 

i n vffibfcm £ wmmsfi* mm • 2 0 v 0 1 

%) K, 0-6 v 0 1 1 U -y h/l//m i nT* 

SJBLfcfcOtJH^fc. H8t, ?J<l-ty^-3 0iDS 
10*S3 1 i:S2©«S3 2f:ora*SStn5*i!6fil 

k-^i 4tioTHfWtt?!Ji l^insau -t^-y-- 

Ofifltftjl^SitTfliJSLfc (08 0?57tejfxLfc! 

[0 0 5 0] 08*^^5^ft«k?{^ I52 0vo 1% 
flD»jfi*dtr $ -b 3 5 0 ~ 5 0 0 °C 

©ttarzN o~3 v 0 1 %£Dsas«07]<^as^itai 

r«ci:A^Sfeo )£«Fttt, fi»*«E«IO9 0 
%fcaW*«HB*««l 0#i:AJfT**oft. Sft, 3 0 
0-3 5 0*COtt«Wffi£fcftfc*^Tfc££LT** 

[0051] set, *%m.<ofcmc%^T. im<DiJ 

isfifd*ia**2 v 0 1 %mmfi*mM 
u mmmztsxtrctct, ttmsM&ifi 50 

[0 0 5 2] *^l«ff»7]<^-b y 3 0 1 X ft 

i£. fcm£mmmicm, mmm 

T» ttttlSfiffifefffcfi^Tfe, 0-3 v 0 1 %©»a 

[0053] mmmm) 09 (a) t» 

(b) *<D§hmmz*t<, i itt, af*M?s 

T-feO, 7a h> (H') umiMM** (0 Z " ) *fi 



13 

m%^*y&m*ft£>%%o mmmn \ i©±t® 
nmm 4 1 tmzvnmi zwmixmznr^ 

t3»P#ST*&oT, 7t;l/Xr7^ h««4 3 a 4: 
#7*4 3b*«64»), cnSiC^oT, 3f2©*&4 
2*KS£SfcfB#Sft'CVV&. #7X4 3bfcfi, 1 
m4 3hjWBJt*ftTfcD, $2<mil<§4 

m 4 2 KiJit«*iiso«*»Jia l 3 § t, Q-c&tiis* 

Ott«MiJ*TfeAu^ ^7X4 3btf)TaSJca, El<*« 

[0 0 5 4] **»©»«©3k«-fe>'*-4 Oft, 

r tt, » 1 ©*S 4 1 £31 2 4 2 0HE-£«E 
a»9MD«n, $&1©*«4 1 £3?2©1tffi4 2 0H«lt 

HX, »^a4 3(CcfcoT, SS?l4 3h£iIiItS 

tu sk**©i^ isa 

1U IB2©WI4 2#&#ffi?n***©lfcff¥tr 

tii-rs. £©¥«©*i©ih^ MJStf*©^ 

»fii:Si?itlWt4o $fc» fltt, Hi©«$4 l 

i:» 2 4 2 i<orai*i«n*(Hf?«dKt±. ym<o 

**©*fcStfttttt*. L&#t»T, HI?«fE*»£ 

[oo55] aftttHK 1 1 eh, mmm 1 ~ 3 © 
ft, %]<Dm®4 1 tmz<Dm\ 2 a, #*©iMt:K 

lSfc»LT«Mlftffl** , r**mfr645, fro, M 
©tf8fr54S. JMWSfctt, & i§> 

5o SB l©««4 l £2!2©*«4 2l±, £I^-xh 
©&J& X/^*U>y*OWlflWFit, XliCVD 

[0 0 5 6] 4 0£*^ 

T, $l©tS4 l**V-Ki:U H201S4 2* 

ns 0 ips, cot*, 09 (b) icm&oiz, wm 

LT-jvYytw. mnmn \ itmu ssi© 
«S4 ixmxmt%?xmzn. mm. 
jjzicsznzmmit, m ©*«4 1 x-mtxmt 
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va^tytr^s m\mmn\ \*mi. mzvnm, 

4 2 T'7j<£X{£/k > o T ft ft £ ft 5 e 
[0 0 5 7] WTv **atOfl5«KJ;6**-fe>*-4 
Otiot, SiRI£ff;i©**«l££»J£ LftMItO 
^TBKIitS. CCT'ti, mWWB&l ItLXs Ba 
Zm C ea» I n,, 0* o«IS(**ffl^ft. SK 
VflVftl Stt, lOmm^ i¥£0. 5mmt 

Lfto 35l©3i&4 1 t%2<DMm4 2ii, S£ 

10 [ 0 0 5 8 ] £ ft, t LT, 1 U 7 h^/m 

i nTfWbfe«i:«0«*^ 0W = 2 0 v o 1 
%) £, 0~ 1 0 v o 1 %©*$$ 1 U -y Wl//m i n 
T'^iJOLfcfecD^^/Co Bl Ofc, **-b>-9--4 0 
©^1©*«4 1 tH2£D«jS4 2i:©W*MnS€)i 

■9— O?gS^6 0 0 o Ci:LtSiJ£Lft (01 0<07?7 

20 [0 0 5 9] HI 03^6W63ft»4J:5fc, *?I20vo 1 
%OM8*#OaiK't», 0-5 v o 1 %<DS!fi«€>7j< 

g^tt^fii© 9 o % cat s «r wjwb 2 © t m\z m 

[0 0 6 0] ^6C, *&M<DfcWiC-tS^X. imviJ 

30 ^sisfi]7Kim*#2 v o i %mfenzfcma 
MfemimibxmLx^rco 

[0 0 6 1 ] 3HWtO««0**-fe^*-4 ocin 

o~5 v 0 1 xmmmwmmmz'ZMft^B 

40 [0 0 6 2] (^l©fgl5)011 (a) t, 
oMrfent§*i-tr>^-5 0<DWffi#lJS*^L» H 
11 (b) ^Oft^OWeSSt. 1 lfck, 

mxm. ^nh> (h") twt«M'*> (o'" ) 

«r£^t £ Y t yfH^** 1 5 ^ ^ . SfrfiPai 1©± 

Tffit«, ztizm&wmi iicftyzmzv 
zrctb<D% 1 mm 5 1 t%2<DMM5 z&mixfc 

«atlTt^5. 43«> SB2CM5 2KfJlt«*lf 
<Dl^JSt5W¥ST-feoT, 7t;bXr7^ hit 
^4 3a£7?77.4 3b^5>* , 9v CtlSKioT, 8 
50 2©M5 2*K5«fc5fc#*Sft-aV5. #5X43 



bfctt, 12?U 3 hm&ZtiXts*). ccfrfc, 8? 
2 OSffi 5 2 fC#**3&»H£#XtfS|A*n*o 4 

@<«s?fti izmmtztiib<D\i'-*i am 

UZhX^So t-Zl 4(4, «*tf, 

[0 0 6 3] **JfiiO^«l<0*i6-b>-9--5 0(4, ^1 

^«i^©-t>^- T*£5o 0ftt#Pftl lfcli, g$ 
OJgjS 1 ~ 4 (D*M-£W-mm<0'V) VLtW> 

fflT'tSo Sit, %\<Dm®5lt%2<»m®5 2<D<P 
- y {r/l/fr fr&Stf < fcfe 1 «<07E* 

mmmiu mmittz-oxmitztircmt 

4-5o 3Sl0«f5 1£(4, ^n5>7tHOffl, PdVA 

[006 4] **j*dj&*th:, « i mm 5 1 (ckk 

20WI5 2 til©tffi*ffifflr Sett SI 

0*15 \\mmj*ywmk?mmmm 
8*jb^**s, ^2oss5 2t4, **tttf»^tm 

5»*^*fnfc / >&< fct 1 a©7c**dtr*ji««fii 

-^AflDttfi^R^ffifflTffrS. Hl0*£5 1 £i!2 
0«g5 2(4, &JH"?-Xh©fl!lS, 7J\*jWy9% 

[0 0 6 5] *tttO»l|03i*t>*-5 0£fcl^ 
T, gl©«S5 l**V-Fi:U ?g20ii@5 2£ 
7/— Fh LT, StIfflfc-SWEfcWfcrfSi:* Hi* 

tlSo BP-^, 011 (b) K^-fiSt, tt 

SLTynhyfc^O, @fttt*gi i*e*u 111 

nftftfttt, g l ©«« 5 1 T*#$LT& 

itwtyttf). sft«$fti i*e*u £20* 
«5 2T'*^xtt*t4oraffl^n5= 
[0066] TkM-tyf-5 oxit. 1 

m<oj*yik*iii±.tzmmiit&rcib* mm 
a, %im®5 uas^Tj*y{tiEti?, mmc 
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ItfUtK^ttSWift^. cofcfe, ?J<^-ty+)--5 0 
[0 0 6 7] JUT, *^«o©!Hi:«fc5*SR-b>-9--5 

^ximtz, czx-a* mimmm ittx, Ba 

Zr« Ce« Inn 0* aflH6#*Jii^fc. Hft* 
PRl 1 0*£2(4, 1 Ommft, 5mmtL 
10 fto 1510*15 lit, Tfrz.-tLt&iKDM 

svam^xBtitL, %2<Dm®5 2&, q&k&ox 

[0 0 6 8] $fc, «?IJ£#Xi: LT, 1 U 7 h;U/m 
i nT»aEbfta«i:«IM)«**X («3R : 2 0 v 0 1 
%) ic, 0~ 1 0 v 0 1 960*** 1 U V Y)V/m i n 

■pjSJnLfcto*fflv»fc. Hi 2C, fcmyy-50 

<D% 1 5 1 t%2 (DM® 5 2 fc<DH£am5*»f 

it. 4tJ:oT@#€^Il 1*1BJ»U -t> 

20 +i— 0S&£ 7 5 0 1 Lfc (H 1 2 ?)?57£^Lfc 

[0 0 6 93 HI 2fr5fH6*»ftJ;5fc, W20vo 1 
%oif**ttr^m*, 0-5 v 0 1 %©SfjiS^<07j< 

mmmm<D9o %icmm?$m2@timcm 
xhitc* 

[0070] ^6ic, *m<D&micts^x. mois 

30 X©SfiEKJ:5»»*IS^5ftJ6, x^X 7 

iiafiaft7j<sim*#2 v o i %{iaf£^KSta 
ox&cFxit, mmm%mt&tLEmnf. 
[0071] *^m<D^i07k*-by9— 5 ot<tn 

T, 0-5 v o 1 

[0072] (.mmm 6 ) a 1 3 
\z&%m*yy-mM®&tz<Dm*mto c<o 
mty*r-it, m<mm 1 - 2 t^ttsTk^-t^ 
-10, 2 ofcf^a i^K>5S^a^oir>^-r- 

fe§ 0 1 0 U4H#*(iKT**0, 7d (H ) t 
mcfo4*y (O 2 ) ttmtZ B a Zr« C ea 2 G 

it. lOmmft, 12 0. 4 5mmi:L/-Co 10 2(46 
50 *»O7y-K«aT?S0, 1 O3ttfi£»0#V-K 
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mm mmmmo. 5 cm) xh%o cn^nma. 

ztitZo i o 4 a. mwmn i o i mam^iab 
[0073] £<D*myv--*m\ 7j-b°mm\ 

0 2 il*V-Ktffil 0 3K*E*£MnU fol^i 
tm&brco ZVtZ, 0 4 0^^4 0 0 

rES£LT-by-9--©iaa*4 o o°ctc<5^ 

t, £%t7mv>E-&i37>Z l 'J -y WU/m i n« 10 

c o o 7 4 ] ia 1 4 t, *mm<D&mc & k> , epikiie 

ZZtlZtlO. 6V (1. 3 3V/mm) ( 0 ft&ffi 
fi, H#W*®1 0 1 ©£ftJP£ifcD<D«MeT-& 
■5*fi¥S^a^to WT» (RI^T'S^o )t0. 0 

2 V (0. 0 4 4 V/mm) £ L/i i:*<D-fe>"y-— til^J 

r, (/iA) **u colia 

fn^no-tr^-ttiti ^a) im*> 20 
ftfc&ojfci^fias (v 0 1 %) £fc, 

\'ummMLrs.^mx\ S»AV-FtSi 0 

3 £7/- K*« 1 0 2 t<DWcWM>m£fF*) a 

z<D&5\c entoss^o. 02 V, mmmmmtf 

0. 0 4 4V/mm©fc*fct» min«E^0. 6 V, M 

mmmmi. 3 3w/mm<o tttit^. <-*m 

XttfttHI (0. 7 8±0. 0 1 /1 A) T*t§ftT£& 
[007 5] tit. mWSEZO. 02V£LfctS 30 

ti, ***2. o v o l %sfotaL, *jRlfi*i«i!>T 

t, "C-X*8ffli 1 8 ± 1 n A tfi^ffiTfSSLT* 
0, **»«0«tfl«lSttfi»4$S7?l5ofco tit. 

js^ttt , -ittraffli© 9 o % mtmmm 2 g> t 
}fflicmz*&otcc 

[0 0 7 6] Sfc, 0**£*Lfc*V StWtfftfO. 
0 1 V (0. 0 2 2 V/mm) , 0. 04 V (0. 0 8 
9 V/mm) , 0. 0 6 V (0. 1 3 V/mtn) , 0. 
IV (0. 2 2 V/mm) W&fctfe, ^-Xftgg 

(/iA) ii^fntfg^fiT'g^u ty-t-toti (/i 40 
A) ^-xii A) ©i oewii:*^ 7KHS 
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sottmait{±a»T-s^fc. l^u 9iin«E*o. 

6V (1. 3 3 V/mm) , 0. 8 V (1. 7 8 V/m 
m) , 1. 0 V (2. 2 V/mm) tkMZ^t, C 

fku -fe^-tna (/^A) OKU 7 nt, 

Ul*(/iA) 1 00%EftLT±5%U±fc4!>* -b> 
[0 0 7 7] !I€>£fe0)jgH& aWUSfcSWPt 

§ 0 IPS* HftfcHft«tfRfc«E*fSiirr5i:, £S 

as *r* ik k m l zmt t § mm t, ft* 

5fcJ6, *.y*f-mh (/iA) OHU7H^<4 
[0 0 7 8] *3«|OJB»0*Jtfe>^fcJ:fttf, 91 

ta*E^o. 5v«T, in-s, wmiHifttfi. 1 1 

V/mmttT, 5?$L<(i0. 2 2 V/mmJilTT*** 
d fctct t)> ^-x*ffit (/iA) WHIT-^U 

*iso*ia»«*^i65n«. 

[0079] ig.it. mfSs mmmxmmj*y 

jctntf, ®tonE*n.Mwn&m<s.<mt>ti%ic 
[0080] 46, *^«o«m-e«, *xi£&tti$ 

O-t>-9--OjfiJt*4 0 01Ci:Lft^ C<Dl&m$.2 0 
0-4 5 OTCOWHTfttUffitV^ 

[0081] (iiogii) vxmwemcmz* 

■fey*J--tiWiftlWl"P**. 

l\ 77- F«S 1 0 2 t~hV— Fftli 1 0 3 £*E* 

mmm^ smnt. sat*** 0-2. 0 

v 0 1 %0«HT»«taLfc«tt-^ ■fe>*-©«H«« 

h;U/m i nZmilZo % I K*<0«***t. 
[0 0 8 2] 

[in 



ftffi 2 0 0 3 - 1 6 6 9 7 2 



fcti, ^-x®t#5 // A (^-xtismjf ; l o \i a 

/cm 2 ) WTOfiV^^LfeCfc^EUfctS- 

[0083] mucmt&oic. *nm<DBmfc&n 

tf, *^iiS^tiiB#O-tr>Ht-OS^3 0 0TO±, 
2 5 Otlt 2 0 0°Ci££<D£f , VfifftfHfitf 
«MCiSCT«fl:*i*» Wftio. 0 4 4- 

1. 1 lV/mra, 0. 0 4 4-1. 7 8V/mm, & 
tf2. 22-3. UV/mm<0&mfcmt&£* 2 

^-xass (mad a^lt, *mu&<owmm 

[0 0 8 4] (jfe»Q%tt8) ^gjOg^MM* 



*#fe.vtf-H:, tB«EtttHST*feO. %W»W&S~7Q 
m\ 7/-YWSH 0 2fc*y-Kttil 03£0. 

0 2-i. o v^iEHT'tE^entob, *ofl*3Stss 

1 U 7 h;l//m i n?0U&U *ytf-ffl*rt«fc*MK 
Lfzo ^2£> S^^T-O^-XIM^S ((iA/cm 
2 ) [^-XSjSft (/tA) £«f®« (cm 2 ) mitz 
fit] i:, ai£*Lfc2 4«fBIrt(0^-X?Blt«ia (/iA 
/cm 2 ) OKU 7 M (96) OBBflWKSt. 

[00 8 5] 
[&2] 



ItttiBf, ^-XtjjitmS^3/iA/cm 2 lXT. §?SL 
<(i2/iA/cm 2 KTT*S5Ct[i: < i;i?, ^-X*SS 

[0 0 8 6] JlOSJWDSHfi, &0«fc5£iJW!?t 

<g) a, ^H^s^i^^xastcft^LTgi-r 



[0087] **i*aai*©-fe.v 

■»^OaW*3 5 0lCfcLfttf» C(7?figii2 0 0-4 
SOTCflDKBTfttltfA^, 

[0 0 8 8] D»^!6-8 T'ii, SftSigg 

nmmtizito. 20-1. oomuw* 
[0089] $fc, mummsm, mmmn 

fcBaZr^ Ceo Gdo. 2 0* o*BS**«^ft 

juhytmimjtyzmtzwtLtvv 
Ljamtmcoj* yii,mx'&nm<D{m^ty& 

mX't^\ mii. BaZr« Ce,, In», 0 
3- a, BaCe» G d<u CL- a, B a Z ro.« C en 
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Gdo. 2 0. a, BaZry Ceo., Y bai 0* a, B 
aZrii Ceo. 5S Gdo., s 0. a®4Mt%t¥9* 

o^c i ~ 5 xmuov) ^A-bu •> Lmitm®. 
[0090] mm<om 9 ) h 1 5 1, *mmm 

7, l 0 5!4, Hft«$fWK 7"nh> (H") i: 
MH^y (0 2 " ) ^eSI-TSBaZra, Ceo., I 

rw 2 03- ammm^xvzo £ft* Z<D±ZZ 10 

14, lOmmft, l?0. 5mmi:LT^3o 1 0 6 Si 

Fti 10 8(4t:--*-, l 0 9fi-tr7^-y^XSO 
1 0 7tt&^-Xh©**tfttfc«kO 

0 9£»A/P, k-*-l 0 8<D±$KEg2n3a 
[0 09 1] *^ffl0^^tfcnt«7j<l-tr>^-{cfev> 
T, *V- FttS 10 7, 7/-Ftil0 6«i: 

M££C£, *V-FBSl 0 7*MfcLT7 

y- H«f l 0 6^*3 fc**©»tEl£fc»T*tt*fl! 
ffl£<£12-£5i:, *y-F«il 0 7W«MbKfla(« 

jgttftr*. ^lt, /Dhy^7/-Ktiai 0 6^ 
5*v-k«si oimmmm osmnztm 
*wjbr©*v-fwi o ifrzrs-h'm 
\0 6Knmmtis. bps, TkiwasAiisnfcsa* 
iisg-rst, ttaro*a*»©iEMifrsjiwteaE 30 

[0 0 9 2] CO*3R-fey9— 7/-FBS1 
0 6i:*y-Kt*l 0 7K0. 0 2 VOlffSrSUtaL 

ft. c©t#> t-*-i 0 8 <Di&m 4 oo°cicm. 

7K*Ol^^X^ 1 U y h/l//m i nX-mi, "th? 

[0 0 9 3] Hi 6fC, ^(DSlEiD, *V-F 
®Sl 0 7Cj£fgfCt-^-l 0 8£E»LTi!in&Lft 40 

7/-F«il 0 6<Dififlifck:-*-l 0 8* 
Eg LTAofi Lftif &0-fc mmofy 7*tt 
itlXmto m%<DM\ ^-Xttttte : F**<4« 
fc CO» ^-XSMI^ 3 /! A / c m 2 t ffiiWg 

tat), ***t©«amfifcia»-e*t>fe. $ft> t 

0 8©1S*2 0 0*C, 3 0 0°CttMtfti: 
*y-FtSl 0 7OigttKt-^-l 0 8*E 

fto 

[0 0 9 4] CO* 5 fc, *H«o«llo**-fe>*- 50 
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CfctUf, fcV-FWil 0 7<Dfi$£fc-*-l 0 8 

/cm 2 ) AMfrMI^SU ***«08Hi«gtfiS5 

[0 0 9 5] ^lOil«7Kl^^*-t*!i. 
«®i:t:-*-Si§ijft£U ±T£^T*&LftMli:L 

TO0T'8LT^Ti&^o Sfts tfS{4±T7jlRn?a 

tc, Htt«¥K±£*¥7jfa£M^?EB2ftT^Tfc 

at>. f ft, as^awwuifCTk^iRiKEBsn 

r^TiK, t-^-tt*y-Ftffio± 
g&KEBStWtfc&K 

[0096] $ ft, xmnrnx-u.. mwmmcB 

aZr», Ce,, In,, 0* a«SBtt*ffil*fctf, 7 

{tmtDJtymfaxmifzvimjtym&x 

tftt>, 0UjL{4*, BaZruCen Gdu Ch- a, 
BaCeu Gck; Os- a, BaZrn Ce.- Gd« 
2 Ch- a, B a Z rm C en Yboz Cb- a, B a Z 
r», Ceo.* Gd„ s Cb aO^ttf. Hl^ 
IS 1 ~ 5 T'W^Lft^U ^A-b 'J WllftWfflt 

[0 0 9 7] ftfe, ^Sfi<OfgSl6~9T*{4, BffOSfll 

(4 0. 5 c m 2 x& i tct\ mmmmit-t yy-<D>b 
Sfc©llft*5tt**^2W#*L<» -77, -byif- 
m**Hfi6S^^e>t4^:t^73*^$U^i:*^, 
iffliBfffiOSiliO. 0 1-2. 0cm 2 £OlEH^ 

[0 0 9 8] S ft, HffiOffme6~9T't4, BSOttfl 

ts^*ffl^ft^, ^offi, -mmntLxmrnc 

54, B^, ^ 'W*A, fttf/Ur-^AA^S 

<Dffl&mztit>&u<D$£ti ( mT*i*&, tit* % 
rnwm e ~ 9 r*{4, Q&mzB^-z t <omn 

D (Chemical Vapor DepositionOK, {t¥%%&& 
[0 0 9 9] (^lOff^l 0) Hi 7 (a) C, 

m<omxm^kMtyv--6o<Dmm^^u 
hi 7 (b) ic, iwmmzKto i nisi** 

7"nhy (H ) tmitVMty (0 2 ' ) 
*£«-r-5^^M5##*M^Ti^o Hft*»H l l 

vmictt. mmmm i izj* y*mz#ztctb 

O^10fS6 1 t%2(DMM6 2tfZtlZm&2 
n, *OTifiCtt» HftSH?Sl l£ta&T3ftA6<^ 

1 4im5nTM, 4 si, mtf, ^ 
z-=.yvznmm&&xttm%z. tm-z § 0 



(13) 

23 

SBl£>*ffi6 1 tH2©*«6 2tt<#vfftfc7k*i0iWfc 
E£K*fLTttBffB*rt5a£»D*« OtSfifft 

o. 5 cm 2 ) -ess. cn?»«fiiii, ^-ftita^ 
[oioo] 6 0 lis %mm%i~2\z. 

aac-fey^-f**. aft*$®i not, ^ssojb 
m i ©7K^-tr y-y-- 1 o tmmw u a t-t u a* 

[oioi] *m<Dm<Dm*yy-6 ok*^ 

7/— K£LT, Wint-JEWEfcaifcrr*^ »H 

LT7ph swuiki i*e*u *i© 
LT» Hi 7 (b) tciS-T J; 5 tc. SftitBPMi i£7 

[o 1 02] wt, *m<mmic£zfcm*yv-G 

v^TlftWt*. c:T?tt. aft€8?gi li:LT> Ba 
Zr« Ce« In« Oj- a«SBf**BI^fc. Hft« 
»Hll0*f.*tt» 1 Ommft. i¥20. 5mm£L 

[0 10 3] Sfe, WBEifxfcbT, o. 2U-yh;l/ 
/m i nT'»ftbfcyD^>^XiC, 0-5 v o 1 %©* 

[0 10 4] 01 8fc, sgl<D««6 1 £3?2£>®f6 

2©H{c9iirat5«E^0. 6Vfcbfci:t©-b>-9-- 

m<Dmmtz?77itLxmo 01 sias^x. 30 

a) &nteBE<o**<o»iin« (vo 1 %) 
llT'S, 1 4izx-Drmmmni izm 

[0 l 0 5] 01 8frmbfr%&?fc. -?u/\yiS7s 

(owmmm, *yy-mff3so'c<Dtmx\ 
0-5 v 0 1 %mmm<D7mmm%feiTmt 

mmmnrco 40 
[0106] mmmrni n 01 9 (a) #n 

019 (b) K, *0l(lft0*B***. 1 n±, B# 

mmm, fayy on m<mj*y 

(0 2 " ) ££#lT5^*y£*ftfr5&So aft**?fl 

1 lciTitii, a&s$fti ucj*y*&m-£ 

&4 3ai:#7X4 3bfr5>&9, ChSfc«fc-aT» £ 50 
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2©«S7 2*lB£3fcteJaESft"Cl / >«. #7X4 3 

2©«i7 2K:***#tr«M^*^aWIA*h*. * 
fc\ »¥S4 30«U«4J:nfcH6n*tOTH:4 
<. g2 0*S7 2K:ija-rS**0«*|iJISU9 5fe 
©■?fcfttf*0ffi0«WcT-fcS^. #7X4 3b<DTffi 
Ktt, H»S$Sl l£Mfc-f3rci6<Ot:-£l 4jW» 

[oio7] *%mmm<D7km-nyy-7 on, ^t> 
®mftmffi£(»-byv-X'&Zo z<D-tyv-ic&^ 

Ttt, % 1 £>®S 7 1^2 OtB« 7 2 Offflt-SfiE 
^Biinsn. Hi <DHS7 1 £Jg2©«l7 2 0H«lt 

CT\ 019 (b) ICifiTZoiC* *l»¥84 3(Cj:o 
r, lii?L4 3 h*j§iit57fc^JS?n, S«*35 
Oliu mWMUl l*l»U £2©ft«7 2frS 

fc. f»e, m\<vmi i t%2<Dnm7 2t<om 
zmmmmt. ymomvmms&itMt 

[0 l 0 8] [afM8?M l l fcfi, BaCew G d».i 

0 3 a, B a Z r = , C Gdo . Ch- a> Ba Z r 

04 Ce 0< Ybo.2 0 3 - a, BaZro. z Ceo.es G d 

(o 2 " ) *mt*j*y&wwmTti!** ttt. 

%l<Dm®7 l t%2<DWM7 2lClt, a**ffl^Tt> 

[0 1 0 9] wt» *mmmc*s*M*yv-7 
0 1 «t or, »»e*x©*jiaw[*a3ELfe«iifco 
v>tsiB^-rs, ccm s**phi i^lt, Ba 

Zr« Ce s , I n». 2 0^ a^MU'f:. IWI 
»Hll©*fSf±> 1 Ommft, JPS0. 5mmfcL 

to »iotts 7 ii:ai2©ii«7 2tt, a*^ 

-Xh^fiELTffMLfc, 
[0 110] WB&fciJZtlXs 1 UvhA'/m 

^x(c ^n^no-i 0 v 0 1 1 ■; v 

/mi nT*mulfc&<n*m^Co 02 Ofc, 7.k|R-tr> 
^-700^1 ©IS 7 lt%2<DmM72t<Dffi*ffi 

tiznm (tyv-m) t, %im®7 1 1«2 

0't«7 2 5cWtoL/-cSEil<DfI«^1-c CCm 

t-^i 4{ci-3Ta**i»Mi laiu 

Oi§S^5 0 0°Ci:LTffl£Lfc (H2 00^57^ 

t) o 

[0 111] H2 0fr6W6*»4*5t» 7?y 
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y+t— iifitf 5 0 0*C<O«ffi?, 0-5 v o I 

i o#k&re*^fc. 

[0 112] S6fc, **i<Wg««:6^T, 

ait, ritfc&*, sfitefo*ss$i*&2 v o i %m 
fetfxicmau mmmmmmzirctcz, mm io 

[o 1 1 33 ft*, *i»miT<ii, mi v*mi \ 
*»c»LT*B»ff«ftfrria«*'549 4 fro, ran 

^T=«?/oB»5ft*iw»&»fnft^4< ki i a^Tc 

1 kfg2<0«1i7 2{Cti, 7;U5^7A, 

mints x/vy^uyi^Fo* 

iSSS, XiiCVD (ft¥Sttl#Sffi) fc^oTJM 

nar, fcrnttimmtm* gummm, 0 

-5 v 0 1 %oW»it«<o*l{iBa*$£froSS£tt 
«W*ftft», lffl&fe£fik&D, *©M*ttt»^t» 30 

<Dk£5o 

[0 114] 

[Bffi®M*8:||»0i 

ran morni 1 icmzm*w-<Dmm 
m (a) , mzmm® a) 

[02] ^fi©fg!Bi(i:i3tf5**-fey^— fciST 
• c 0 / (C 3 + c«) ofli:a«4:flMBflto-«ftSt 

[03] 'MtiiWm 1 fcfcttS***^-!;: J:3zlc 40 
*«Sk«ftfik0B«£/TVfy57 
[04] l lcSttS**-b>1f-t«J:4* 

[0 5] ^aojgfl82fi:i3*t5*3R-b>-9— OiffiSWI 
JSH (a) , ttft**?ftieB (b) 

[06] mM<DBM2icmz>7kmyy-fc&ZTk 
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k Vffiil k <DB«**t ^77 
[07] HteOJg!3fcfctf37Kliry^-a)»M 
$0 (a) , «K©»*3fcfctf«*#fe>?-©ttff 
£*tfP&0 (b) 

[08] 3ft»<wg»3fc*tt**ls-fey*-fcJ:** 
*B£ k ffiftfl k OBflMtS-r 7 

[09] %mmmA{Lm^m^y^~mm 

m (a) , ftft*jK*tt*H (b) 
[010] £fl^Jgffi4Kfctt5*3l5*>tf-»i:.fc5 

[011] 3W<WKi'5fe:i3»***fe>"9---oWii 
Ml (a) , ftft^tttWH (b) 

[012] , m<Dm5£mzm*yv-<Dm 

[013] HltO«!fi6£*W5*J(S-b>-9--««W 
tttfB 

[014] %Mmm\czL%im*y*!r-<o-byy- 

[015] nmmm Km^-m^y^-nm 
mm 

[016] mtDBmdfcm&mtyy-v-by 

[017] MMo&mi 0K*tf«*JR-b>1f- o»f 

ffiflMUS (a) , ft^*^t«}*H (b) 

[018] Hflsojgisi ofcifizkJfrfe^-o-bv 

u— ma k ^-TMmmmvtT&yv 7 
[0 1 9] %mmm 1 ic&vzmtyv-m 
mmm u) , WHss-rawta (b) 
[020] nmmm ncm^m^y^-o-t 
yf-m tmmicmn l/sbe k <DM*&*t ^ 7 

1 0, 2 0, 3 0, 4 0, 5 0, 6 0> 7 0, 8 0 7j< 

IK 10 1, 10 5 Hft«$S 

12, 21, 31,41,51,61,71 llOtt 

S 

1 3, 2 2, 3 2, 4 2, 5 2, 6 2, 7 2 5I2 0* 
IS 

14, 108 

4 3 i&IBfg 

43a 7t;i/Xr7^Mfi 
43b #77, 

4 3h ia?L 

102, 106 jy-mm 

1 0 3, 1 0 7 *V-K«f 

1 0 9 t-^-ss 



(16) 



ftffl 2 0 0 3 - 1 6 6 9 7 2 



[04] [HI 1] 




0 1 2 3 4 5 




(17) 



Wm 2 0 0 3 - 1 6 6 9 7 2 




[SI 8] [020] 




(18) 



8M2 0 0 3-1 669 7 2 




CHI 4] 



